The relationship between beta-adrenoceptor regulation and beta-adrenergic responsiveness in hepatocytes. Studies on acquisition, desensitization and resensitization of isoproterenol-sensitive adenylate cyclase in primary culture.
The role of beta-adrenoceptor regulation in the mechanisms controlling beta-adrenergic responsiveness in hepatocytes was explored, using primary monolayer cultures. When plated in vitro, these cells gradually acquire a strong catecholamine-sensitive adenylate cyclase activity and an enhanced ability to bind the beta-adrenoceptor ligand [125I]iodocyanopindolol (125ICYP). Examination of the time course showed that the increase in the number of 125ICYP binding sites was detectable within 1-2 h of culturing and slightly preceded the elevation of isoproterenol-responsive activity. Then the responsiveness rose steeply and between about 5-24 h it closely followed the increase in beta-receptor binding. Addition of isoproterenol (10 microM) to cells after 20 h of culturing caused a rapid homologous desensitization of the adenylate cyclase (50% after about 5 min). This was paralleled by a down-regulation of beta-adrenoceptors measured both in membrane particles and in total cell lysates. Removal of isoproterenol led to a resensitization of the adenylate cyclase, which was rapid and protein-synthesis-independent after a brief (10-min) desensitization, or slow and cycloheximide-sensitive after prolonged (4-h) exposure to the agonist. In both cases an up-regulation of the 125ICYP binding paralleled the recovery from refractoriness. In contrast, no concurring changes in 125ICYP binding were measured when the beta-adrenoceptor-linked adenylate cyclase activity was enhanced by pretreatment with pertussin toxin (islet-activating protein, IAP) or was desensitized by exposure of the cells to glucagon or 8-bromo-cAMP; however, these modulations of the adenylate cyclase were nonselective, since the pretreatments with IAP, glucagon or 8-bromo-cAMP affected both isoproterenol-sensitive and glucagon-sensitive activities. The results suggest that, in hepatocytes, regulation at the beta-adrenoceptor level is a major determinant for both short-term and long-term selective changes of the beta-adrenergic responsiveness.